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Abstract 
The switched reluctance machine system with high reliability and fault tolerance capability has good perspective for large power 
applications. The machine, the topology of the power converter main circuit and the control strategy should be taken into account 
as a whole for the design of the switched reluctance machine system. Four-phase 8/6 pole switched reluctance machine and four-
phase asymmetric bridge power converter should be adopted in large power system with consideration of the fault tolerance 
capability and low voltage & current rating of power switches in power converter. The primary election of the structure 
parameters for 2000kW switched reluctance machine can be calculated based on the output equation and the equation of the turn 
numbers of phase winding. The nonlinear simulation of the system was made by taking as a whole the magnetization curves of 
the machine obtained by using two dimensional finite element electromagnetic field calculation, the topology of the power 
converter main circuit and the control strategy. The electromagnetic parameters and the structural parameters of the machine, the 
control parameters of the system were modified continuously until the output power and efficiency were satisfied. The magnetic 
flux paths of the prototype were given. The hardware-in-the-loop simulation on the controller and the system was finished based 
on RT-LAB simulator. 
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1. Introduction 
The switched reluctance machine system with high reliability and fault tolerance capability [1] has good 
perspective for large power applications [2]. The switched reluctance machine system is made up of switched 
reluctance machine, power converter and controller. The design of the switched reluctance machine system includes 
the electromagnetic design of the switched reluctance machine, the design of the power converter main circuit and 
the design of the controller. The switched reluctance machine system is a kind of mechatronic device. The design is 
not only the design of machine, but the design of induction motor, DC motor or synchronous machine. The machine, 
the topology of the main circuit of the power converter and the control strategy should be taken as a whole for the 
design of the switched reluctance machine system. The switched reluctance machine system is a nonlinear system 
with nonlinear magnetic flux paths in the machine and nonlinear topology in the power converter main circuit [3]. 
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 The accurate design of the switched reluctance machine system should be based on nonlinear models of the system. 
For large power switched reluctance machine system, it is important to consider the fault tolerance capability and 
the needs of the voltage & current rating of power switches components based on the structure of machine and the 
topologies of the power converter main circuit. We finished not only the electromagnetic design of switched 
reluctance machine which is similar to that of the traditional machines, but also the nonlinear simulation on the 
machine and the power converter main circuit, the hardware-in-the-loop simulation on the controller and the system . 
2. Structure selection 
In general, three-phase 6/4 pole switched reluctance machine and four-phase 8/6 pole switched reluctance 
machine can be easily selected, while the supply voltages of the two type machines are the same. The phase current 
rating of the four-phase 8/6 pole switched reluctance machine is 75% of that of the three-phase 6/4 pole switched 
reluctance machine. The four-phase 8/6 pole switched reluctance machine can operates with lacking one phase, or 
even with lacking double phases, while the three-phase 6/4 pole switched reluctance machine can operates with 
lacking only one phase. The fault tolerance capability of the four-phase 8/6switched reluctance machine is higher 
than that of three-phase 6/4 pole switched reluctance machine, so it should be adopted in large power system. 
In general, the four-phase split supply power converter, four-phase bifilar-winding power converter and four-
phase asymmetric bridge power converter could be selected. The three types of main circuits of the power converter 
are shown in Fig.1, where, a) is the main circuit of the four-phase split supply power converter with four phase 
windings, b) is the main circuit of the four-phase bifilar winding power converter with four phase windings, c) is the 
main circuit of the four-phase asymmetric bridge power converter with four phase windings. While the DC supplied 
voltages of the three types of the power converter are the same, the voltage rating of the power switches in the four-
phase bifilar winding power converter is two times more than that of the other two types of power converters, and 
the current rating of the power switches in the four-phase split supply power converter is twice as big as that of the 
other two types of power converters. Therefore, the four-phase asymmetric bridge power converter should be 
adopted in large power system. 
3. Design 
A 2000kW four-phase 8/6 pole switched reluctance machine system was designed with a power converter having 
four-phase asymmetric bridge main circuit. The primary election of the structure parameters on 2000kW switched 
reluctance machine can be calculated based on the output equation and the turn numbers of phase winding equation 
[4]
. The magnetization curves of the 2000kW switched reluctance machine can be obtained by two dimensional finite 
element electromagnetic field calculations. The nonlinear simulation of the system was finished by taking the 
magnetization curves of the machine, the topology of the power converter main circuit and the control strategy as a 
whole. The electromagnetic parameters, the structure parameters of the machine and the control parameters of the 
system were modified continuously until the output power and efficiency were satisfied. 
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Fig. 1. Four-phase power converters 
The magnetic flux paths of the prototype are shown in Fig.2, where, a) the rotor is at the minimum phase inductor 
position while one phase is excited, b) the rotor is at the maximum phase inductor position while one phase is 
excited, c) the rotor is at the minimum phase inductor position while double phases are excited, d) the rotor is at the 
maximum phase inductor position while double phases are excited 
The controller and the system were simulated by the hardware-in-the-loop simulator RT-LAB. The photograph of 
RT-LAB simulator hardware is shown in Fig.3. 
4. Conclusions 
A 2000kW switched reluctance machine system was designed. Firstly, the structure of switched reluctance 
machine and the topology of the power converter main circuit should be selected. Four-phase 8/6 switched 
reluctance machine and four-phase asymmetric bridge power converter should be adopted in the 2000kW system 
with consideration of fault tolerance capability and low voltage & current rating of power switches in power 
converter. Secondly, the primary selection of the structure parameters on 2000kW Switched Reluctance machine can 
be obtained based on the output equation and the turn numbers of phase winding equation. Thirdly, the nonlinear 
simulation of the system is made by taking magnetization curves of the machine, the topology of the power 
converter main circuit and the control strategy as a whole. And then, the electromagnetic parameters and the 
structure parameters of the machine, the control parameters of the system can be modified continuously until the 
output power, efficiency are satisfied. Finally, the controller and the system are simulated by the hardware-in-the-
loop simulator RT-LAB. Based on the design method and the design procedure, the development period can be 
shortened and the development cost will be saved. 
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Fig. 2. Magnetic paths of the machine 
 
Fig. 3. Photograph of RT-LAB simulator hardware 
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